U.S. Patent The present invention is directed to miniaturized X-Y-Z data collection devices and systems. The present invention is directly applicable to many important sur face inspection and measurement tasks that have not been successfully or practically accomplished in the prior art because of overly-large 3D measurement sen sor sizes and/or costs.
In the prior art, the fundamental X-Y-Z data collec tion sensors were based on small single-point contact touch probe technologies. A major off-line measure ment industry was created using these sensors incorpo rating equipment known as Coordinate Measuring Ma chines (CMM's). These CMM's generally consist of mechanical slides or linear motions to provide a three degree-of-freedom (3-D.O.F.) translation of the small sensor relative to the part being inspected. In many CMM configurations a two-axis rotational unit known as a pan/tilt head is attached between the quill or mast of the CMM and the sensor to provide an additional two degree-of-freedom (2-D.O.F.) rotation to the sen sor for part measurement flexibility. Some CMM ver sions will also include translations and rotations to help manipulate the part.
Due to its importance to the off-line measurement industry (the measurement of parts off the assembly line), the CMM has a long and successful development history. More than 40 years have permitted the perfec tion of the CMM to maximize reliability and measure ment accuracies while minimizing costs. Standardiza tion of a number of CMM versions has been achieved.
Their proliferation has been so great that virtually every manufacturing facility that is required to meet some quality control standard has at least one CMM version in operation.
The success of the CMM has also created a major paradox in the measurement industry in meeting current and future goals. One side of the paradox is that the CMM was designed and developed to hold small light weight measurement sensors weighing only a few ounces. However these sensors were generally of a single point type (i.e. only one X-Y-Z data measurement point is available for each motion of the CMM). The resulting data collection times are so slow that the ac celerating requirements of higher speed inspection and measurement needed to meet new manufacturing qual ity control goals cannot be met with these single-point sensors. The small advancement of the single-point sensor from a contact type to a single-point non-contact type has not addressed the new data collection speed requirements which are forecasted to be 100% inspec tion at on-line production rates.
The other side of the paradox is that current stand alone sensors designed to generate large X,Y,Z data arrays in one view are much too large and heavy to be mounted on existing CM's. The investment cost and risk 2 of replacing the traditional well-proven CMM in order to use these sensors are so great as to have severely handicapped the measurement industry in attempting to achieve its quality control goals. A moire sensor technique U.S. Pat. No. 5, 175, 601 hereby incorporated by reference) has provided a gen eral approach to collecting large X-Y-Z data bases at data rates sufficient to meet the measurement industry goals. This disclosed moire sensor technique has the ability to collect data much more rapidly than either single point or single line (laser line scanning) tech niques and has the ability to collect extremely dense X-Y-Z data (eg approximately 250,000 X-Y-Z data points in a 480 X512 grid for a typical solid state CCD video camera) in snapshot view of the part. Higher density data is achievable with cameras with higher density detector arrays. This disclosed moire technique does not require the moire sensor to be held stationary with respect to the part for data collection, thereby permitting the achievement of high speed data collec tion for the measurement industry.
A miniature moire (Mini-Moire) sensor in its smallest configuration and with the highest speed response would contain thite following minimal size-impacting elements listed in Table 1 : Additional elements could results in a potentially larger and more expensive moire sensor. The ultimate perfor mance features desired of a miniature moire sensor are the same as those achieved by the reference U.S. Ser.
No. 775,432 and are listed in Table 2 . The key to eliminating the extra CCD elements is to use an improved fringe pattern element. Current fringe pattern designs use clearly visible and distinct optical marks, tags and fiducials which are implanted into a basic Ronchi grating or sinusoidal pattern of constant period. At each optical mask, the grating pattern is destroyed and x, y, z data in the immediate vicinity to the mark cannot be generated. In order to gauge small parts or areas, the optical marks are required to be more closely spaced, creating a greater loss of data. The less dense the mark spacing, the larger the part surface area needs to be to support fringe counting and reconstruc tion techniques. The multiple camera approach de scribed in U.S. Pat. No. 5,175,601 eliminated the re quirement of the distinct optical marks and tags in pat tens.
It is an object of the present invention to eliminate the use of multiple cameras in order to obtain miniaturiza tion and will eliminate the use of data-destroying marks and tags. The resultant is that the ideal miniature noire sensor will contain both the minimal elements discussed in Table 1 and the desired features in Table 2 .
The present invention is a new fringe pattern element identified as the Hidden Change Distribution Grating (HCDG), the resultant miniature moire (Mini-Moire) sensor configurations, applications and extensions to other grating applications. An important special case of the HCDG is the Hidden Change Ronchi Grating (HCRG) and matrix versions.
The HCDG has all the properties of a high resolution linear fringe grating of small period Po without any distinguishable optical marks, tags or fiducials. Conse quently x, y, z data can be generated using standard interferometric processing techniques throughout the full pattern without interference from optical marks traditionally used to solve the 277 Problem. The 2nt Problem is solved because the HCDG design is based on hidden signal stochastic principles. The HCDG is a pseudo-random grating pattern in which the nominal fringe pattern is of a small uniform period Po (i.e. the ideal high resolution grating) to permit the high resolu The key new property of the HCDG is that these fringe changes are made to be so small that at any one point on the grating its "noise-like" effect is on the order of the moire sensor Noise Equivalent Phase, NEQ. NEQ is a measure of the effect of sensor image noise in terms of interferometric fringe pattern noisy phase shifts (e.g. 277/100 radians) Thus the accuracy of the x, y, z data generated by the HCDG remains essen tially the same as that of the ideal uniform pattern of period (assuming that the 27T Problem was somehow solved for this ideal). The "energy' of the hidden mod ulation pattern is statistically distributed over the full HCDG. A matched filter operation over a processor determined Integration Length permits the pattern lo cation to be extracted from the fringe pattern image. The hidden pattern uniqueness over the HCDG will provide the necessary location uniqueness to solve the 2T Problem. The HCDG also permits this 277 Problem solution to occur at any point in the image where suit able fringes exist. Solutions are not relegated to prede termined tag locations of conventional marking tech niques.
The HCDG used in fixed moire processing will ac commodate all surfaces except "knife' edges that are parallel to the pattern linear bands. Therefore, the HCDG is extended to a Hidden Change Distribution Matrix (HCDM) pattern to accommodate this anomaly. The HCDM pattern generally consists of two HCDG patterns oriented at right angles to each other. An ex tension to a Polarization Sensitive HCDM (PS-HCDM) is also presented to permit simpler processing than that for the HCDM.
The invention of the HCDG and HCDM now permit the minimal configuration possible for the Mini-Moire which permits the minimal components of the Mini Moire Sensor. It also permits the highest resolution x-y-Z data, the largest measurement range (i.e. variation of measurement depth), and the ability for virtually instant data collection without delays due to multiple imaging and multiple projector requirements. The HCRG is illuminated by a white light bulb/reflector unit which projects the HCRG pattern through the projector imaging lens through the Mini-Moire window to the part. In this preferred embodiment of the Mini Moire design, a condenser lens between the white light bulb 2 and the HCRG 1 is eliminated due to the con struction of the bulb internal reflector optics. The light source can be either a CW light bulb for continuous operation, or a strobe bulb for flash illumination in a high speed moving environment. This Mini-Moire de sign will also accommodate bulbs with both a continu ous and strobe capability. The image of the HCRG pattern is diffusely reflected from the surface of the 5,319,445 7 object 5, for collection by the CCD camera imaging lens for reimaging on the CCD array. The on-line CCD camera electronics relays the electronic signal of the 2D image to the remote CCD electronics. For typical CCD arrays and camera electronics 9 and 10, and video trans fer link the transfer rates occur at approximately 33 frames/second or approximately 0.33 milliseconds per CCD image. In remote CCD electronics 10 the video electronics are further amplified and transferred to the remote Mini-Moire Computer. The basic embodiment of the Mini-Moire Sensor utilizes the properties of the HCRG to collect all necessary data in one "snapshot' view of patch 6 so that full x-y-z surface information can be generated by the Mini-Moire Computer.
In the preferred embodiment, the camera electronics 9 and 10, will contain electronic shutters in which imag ery can be frozen into the CCD array, Item 8, in 0.001 seconds or less. This permits high speed relative motion between the Mini-Moire Sensor 30 and the object 5. Strobe illumination has the advantage of providing intense illumination in 10 microseconds or less. The white light illuminator control and power supply 13, are also remote from the bulb 2.
The primary elements of the Mini-Moire Sensor are mounted in a molded case consisting of two halves: an optical-bench half 14 and a cover half 15. The optical bench half 14 is an optically and thermally ridged struc ture for the direct mounting of the projector optics bracket 16 and the camera optics bracket 17. Also di rectly connected to the external portion of the optical bench half 14 is the Mini-Moire connection bracket 18 for the Coordinate Measuring Machine (CMM) inter face or other external mechanical interface. The cover half15 is primarily intended as a dust cover and protec tion aid and is reduced in weight to insure a light weight Mini-Moire Sensor Package.
In the preferred embodiment of the Mini-Moire Sen sor in FIG. 1, an additional white light illumination bulb 19 is included. This bulb 19, with its internal reflection optics, will project white light onto the object 5, in the patch area 6. No imaging optics are required for this white light illumination, thereby minimizing the weight and size impact of the bulb 19 which can be either con tinuous or strobe. The white light illumination in the absence of the HCRG fringe pattern can provide 2D information to the CCD array 8 for other image pro cessing functions. In certain cases, the white light illu minator will provide information useful for moire pro cessing including sharp intensity changes in the part reflectance pattern. Pattern B is only used for special objects 41, which contain knife edges 42, ori ented along the Pattern A fringe dimensional LA. For this condition, the fixed Pattern A does not provide enough fringes across the knife edge surface area 42, to generate sufficient imagery data for moire processing. However by being able to switch to Pattern B through the use of the PS-HCRM 41, fringes now will occur across the knife edge 42, in the form of a fringe pattern, 43, that can be processed if sufficient triangulation exists between the Pattern B line-of-sight and the camera line-of-sight. In order to insure triangulation, the PS HCRM 41, is rotated at an angle 6 between 0 and 45. Generally to insure maximum triangulation between the more common Pattern A and the camera line-of-sight, the angle e is generally less than 30'. The fringe pattern imagery is collected by the CCD array 45, for moire interferometric data processing. The PS-HCRM41 has permitted this function to occur without the addition of a second projector imaging optics and fringe pattern element. The PS-HCRM41 has also permitted the same basic number of elements, except for the addition of a is the requirement to program the CMMprior to part gauging. In conventional CMM applications, this is a labor intensive operation in which the part measure ments need to be known in advance of the programming of the Train Mode. Some extensions have been made so that training can occur automatically from a Computer Aided Design (CAD) file of known parts. The problems still exist for unknown parts in Reverse Engineering applications. However with either approach, if after the Gauge Mode, additional measurements are determined to be made, the requirement is to regenerate the train mode and regauge the part. The current invention now permits a completely new strategy in training parts. The unknown part (or known part) will be automatically scanned to generate a full X-Y-Z data surface map of the part without necessarily any regard to the measure ments to be made. Referring to FIGS. 5A-5E, this rapid scan is a result of the Mini-Moire Sensor 30, being able to collect sufficiently high density moire imagery in single snapshot views during a continuous scan (or in termittent scan). This imagery is collected and pro cessed in the Mini-Computer Architecture to generate a vast X-Y-Z data file for the part. However sufficient memory is currently available, or will be soon, to store this data conveniently. The operator after gauging can improve, the processing algorithms can also improve to achieve greater performance goals for the HCRG and HCRM fringe patterns in order to achieve higher reso lution X-Y-Z measurements. The Mini-Moire Com puter Architecture permits the resultant "slow down" of the MDP 82, relative to the MVC 81, and provides an implementation path for additional higher perfor mance components for the MDP82. Similarly the archi tecture permits independent developments in work sta tions and image digitizers to be incorporated into the DAP83, and MVC81 as upgrades without effecting the critical MDP functions.
The invention of the Hidden Change Ronchi Grating (HCRG) and the Hidden Change Ronchi Matrix (HCRM) is a subset of a broader class of gratings, in cluding sinusoidal, trapezoidal, etc., known as Hidden Change Distribution Gratings (HCDG's) and Hidden Change Distribution Matrices (HCDM's). The general processing and design of these gratings are set forth O 15 below. FIGS. 7A-7H illustrate the concept of one of 20 the preferred embodiments used in the Mini-Moire Sen sor HCRG. The HCRG object pattern 101, is a Ronchi grating with two components: the ideal nominal Ronchi pattern 102, and the small statistical variations in the pattern frequency 103. These are known as Hidden Changes (HC) and are designed so that the phase calcu lations associated with the pattern changes are not only unique, but hidden in the noise of the moire process 104. This moire processing noise is dependent on CCD noise, optical quality, projector illumination power, and part surface characteristics. The phase 105 for the ideal nominal Ronchi pattern is zero. The HCRG is designed so that it is to obtain phase information of the highest resolution and highest accuracy possible associated with any grating pattern. In such patterns, moire inter ferometric processing techniques lose count of the pat tern lines k=1,2,3,... The theory of the HCRG permits the introduction of hidden statistical changes in the pattern 103, such that the changes are not readily ob servable at any single pixel i in the measurement pro cess. When the HCRG object pattern 101, is projected onto a surface it is distorted into an HCRG image 106. The intensity of a single cross-section 107 which ap pears sinusoidal in the Mini-Moire Optics, contains distortions according to an ideal surface phase 108. This ideal surface phase (i,j,dpi) is directly relatable to the 3D surface information OX, Y, Z) through a one-to-one map that is predetermined. The ideal surface phase dbi 108, contains a 27T modulus N. Consequently the inter ferometric processing only generates the residual phase 5dbi, ranging between Ent. The HCRG grating also introduces the Hidden Change Phase (HC Phase) Gi 104, superimposed on this residual phase 6dbil10. This HC Phase Gioccurs at each pixel i, but it is so small that it cannot be directly measurable and relatable to a Ron chi pattern line number k. Therefore this invention includes the method of recovering the pattern location in utilizing the fundamental theories of hidden signal recovery techniques such as discussed in the classical reference: Helstrom, Carl W., Statistical Theory of Sig nal Detection, Pergamon Press, NY 1960. This invention includes a noise-optimal processing technique for the 12 autocorrelation function All 13, of the HC Phase Gi. Its peak at the location of the 2nt modulus N for the partic ular i pixel being processed. A N modulus map 114, is thus available for every pixel of interest in the moire sensor field-of-view. From this information, the phase is reconstructed 115, to generate the full surface phase dbi. For a well designed HCRG pattern, the effect of the HC Phase Gi should be negligible at this point. How ever, the HCRG design theory permits larger hidden change phases to occur which would require the use of a Second Pass Filter 116, to remove its effect on the final surface phase estimate 117. The one-to-one map from i,j,dbi to Xi,Y,Zi is then used to generate the part cloud data. An important feature of the HCRG inven tion is that the 2nt modulus N can potentially be calcu lated for every pixel i,j in the camera field-of-view and not be limited to conventional optical tags or fiducial mark locations which require surface continuity be tween marks. These conventional tagging techniques also destroy the high resolution moire data in the vicin ity of the marks; a condition avoided by the HCRG. The design parameters for both the grating and the processing algorithm are a function of the noise levels in the Mini-Moire sensor and will now be explained in more detail.
The following theory of HCDG Processing and De sign is presented as an example of how a single CCD snapshot of an HCDG fringe pattern image can be pro cessed simultaneously to extract the high resolution part surface data and to solve the 290 Problem. Since the HCDG is a linear fringe pattern with fringe length along the direction j, the following analysis is along the cross-section in the direction i (expressible in terms of the intensities of a single row of detectors in the CCD array). For an ideal high resolution grating of period P. The challenge of moire processing is to extract the phase dbi" from the image pattern of Equation 1. Note however that the intensity in Equation 1 is indistin guishable from the following: Moire processing techniques for ideal untagged patterns will extract the "residual' phase 6dbi", but not the 2nt modulus N. This is referred to as the "2nr Problem'.
For the HCDG, it is convenient to number the grat ing cycles, k=1,2,3,..., and to treat each cycle as having period Pik. This can be expressed in terms of the nominal period, po', as: where Mk is the HCDG modulation coefficient for cycle k. For the case when there is no surface contribu tion (e.g. at a reference calibration surface), the inten sity pattern for the HCDG is given as: G= G(k) (6) (6) for kposiC(k-1) po
where --27 M(k) design and parametric trade-offs for this example will be discussed shortly.
When surface variations are present, Equation (5) Note however, that the HCDG Phase Sequence {G} has also shifted by an amountu. When its value is found by the Matched Filter Processor, it can be related to N as follows:
where Po is the period in pixels (theoretically as low as 3, typically 5Sp23 10). Several processors will be used in the example to extract (6dbi} and (Gi-). Important properties that will be used are that each of the sequences are uncorrelated with respect to each other with spatial frequencies that are either at or less than the Nyguest limit frequency 1/po. The First Pass Processor will operate on the intensity sequence {I} in Equation (12) The overbar is a convenient notation for summing.
From Equation (12) and the uncorrelated sequence properties, it follows that Si=b sin(6d-Gi-)
The Ci operation is defined as follows: Ai is the autocorrelation function of {Gi} over the Integration Length L with its peak at is 0. Aois a mea sure of the energy in the {G} sequence. The objective of the Matched Filter Processor is to calculate {Ai} and to locate its peak. The following four operations are used in this example:
F=CL (27) F3/=GS (28)
It follows from the HCDG Phase Sequence properties of Equations (21)- (24) The peak of the correlation sequence (A) occurs at i=u. From this and Equation (14), N can be found and the 27T Problem is solved. Note that the HCDG princi ple permits a value for N to be found for each pixel i and to be assigned to 6dbi. That situation is not achievable with conventionally spaced feature-marking tech niques. The Second Pass Processor is an optional processor which will operate on {I} to find the residual phase sequence {6dbi). Two example operations are defined The residual phase can be calculated as follows: This can be related to the "ideal" phase in Equation (1) for the nominal grating of period Po. An important feature of a well designed HCDG is that the value of N is available for each pixel i in the CCD pixel row j for which the phase 6dbi can be calcu lated. This permits small part areas to be gauged as long as they subtend the Integration Length L of the HCDG Phase Sequence. Due to the noise optimality of the HCDG design, L is much smaller than the spacing of optical marks in conventional grating tagging ap proaches. For these conventional cases, the optical tag is initially located and then fringes are counted from that point to the measurement location of interest. A lost fringe due to noise, part flaw or other cause would create failure. The HCDG, due to its HCDG Phase Sequence distribution and autocorrelation properties, is virtually immune to these problems if enough pattern energy exists in the Integration Length L.
The design of the HCDG is based on the theory of white noise sequence generation. Many scientific soft ware applications packages, such as FORTRAN, will have a subroutine to provide the following white noise sequence: WW2, W3, , , , , W. . . . (44) with properties: The HCDG Phase Sequence {Gi} is generated in the following example: The ideal high resolution grating of uniform period Po (the nominal of the HCDG) is as signed a count for each cycle (k=1,2,3, . . . ). The HCDG Cycle Phase Sequence (G(k)) will be con strained have constant values for each of these cycles. The relation between Gi and G(k) is
where typical values for Po in camera pixel space is 3Spas 10. G(k) can be permitted to change for each cycle k, although a more general case would be for change at a cycle multiple mo where the phase is de noted as the Phase Change Sequence {S}. The rela tionships are: 
Typical values for mo are 1 or 2. For the desired vari ance org' of Gi, the variance of Sn is ors = m.p.orG?
The Phase Change Sequence {S} is generated from the available white noise sequence (wn) in Equation 
This construction provides all the desired properties of {G} in Equations (21)- (24). The autocorrelation func tion of {G} over the integration Length L is of the form:
it.)
Ai is the output signal of the Matched Filter Processor and is imbedded in filtered noise with its peak value occurring at is u, u is related to N by Equation (14). The peak signal to filtered noise (SNR) at the processor output is given by (53) 4 -ln ra( - Equation (54) can now be used to select HCDG de sign parameters For a "truly hidden' HCDG Phase Sequence, (org/NEQ)as 1. Parametric values of L=20 pixels po=5 pixels will provide a matched filter output of SNR=2. This is sufficient to detect the correlation peak position u. Note that its accuracy need not be at the pixel level because of the integer round-off in Equation (14). The Second Phase Processor option would not be required for this case due to the small Gi values.
Note that a smaller Integration Length L is still possi ble to permit the gauging of even smaller part areas. The Second Pass Processor option would eliminate the "noisy" effect of the larger Gi values.
The construction of the HCDG pattern now follows in a straightforward manner. Identify each cycle as k=1,2,3,... The "zeroth' cycle is assigned the physical period po, In the treatment, the pk values are physical pattern dimensions with po as the nominal ideal period of HCDG. Each subsequent cycle k is attached to the end of the preceding cycle k-1. The general relation ship is:
where
and M(R) = 1 of (57) An important special case of the HCDG is the Hid den Change Ronchi Grating (HCRG) made up of clear and opaque bands. These gratings are simple to con struct from white and black pattern bands. In this case the period pk in Equation (56) is divided between the white and black band that make up the kth cycle. That In the design of the HCRG (and HCDG), it may be desirable from a grating pattern mask construction stated point to have only finite values or states for the phase modulated coefficient. For example if N states were permitted in the construction around the nominal period po, the resultant pattern would repeat itself in (N-1) M cycles when M=mo-L/pe. For example if N=3, mo=2, po-5, L = 10, then the HCRG pattern would repeat itself in 16 cycles and may not be useful. If N is increased to 5, then the pattern would repeat every 256 cycle which would be more than sufficient for con ventional camera CCD arrays ranging in size to 1024x1024.
Other important special cases of the HCDG and HCRG are the Minimal Change Distributed Grating (MCDG) and the Minimal Change Ronchi Grating (MCRG). In this case the "energy' of the Phase Change Sequence Gi is unevenly distributed throughout the grating pattern. In the extreme, optical tag-like features would occur. Separations occur with periods Gi=0 for no changes and optical fiducials occur when Gi is larger than normal. However the HCDG theory and its noise-optimal, matched filter, processing meth ods permit the "tags' to be designed to have minimal effect on data generation. The construction of the MCDG and MCRG is the same as for the HCDG and HCRG utilizing Equations (55) through (57).
The above example for the HCDG theory was for a fixed fringe method where sampling of the grating oc curred across the pattern the HCDG principles also apply to the phase measurement moire technique (mov ing fringe methods) when sampling occurs in time as the pattern changes position.
An important class of surfaces exist that cannot be measured with the linear fixed pattern whether of the ideal Ronchi-type or HCDG-type for fixed pattern moire processing techniques. These are the sharp (knife) edges or corners that lie along the band direction vector Lo. This condition prevents the Ronchi grating period Po to effectively sample the edge to generate on i,j,d map. If the edges do not fall along Lo and cross a full grating period, then the i,j,d map for the edge can be generated. Methods that resolve Lo-direction edge phase measurements include moving fringe patterns (phase shift moire method), adding extra projectors at an orthogonal orientation, or rotating the full camera/-projector moire package. All of these methods are ei ther time consuming, add extra size and weight, or add The invention is not limited to the particular details of the apparatus and method depicted and other modifica tions and applications are contemplated. Certain other changes may be made in the above described apparatus and method without departing from the true spirit and scope of the invention herein involved. It is intended, therefore, that the subject matter in the above depiction shall be interpreted as illustrative and not in a limiting SeSe, What is claimed is:
1. A high-speed three-dimensional surface measure ment system for use in determining the surface of an object from at least one electronic signal using a moire process, comprising: at least first means for illuminating at least a surface area of the object with at least one fringe pattern, said at least first means for illuminating having optical grating means for producing said at least one fringe pattern, said optical grating means con sisting of a nominal pattern having a pattern fre quency and small statistical variations in the pat tern frequency such that phase calculations associ ated with the variations are unique and hidden in noise of the moire process; at least one means for receiving reflected illumination from said surface area, said at least one means for receiving reflected illumination providing an elec tronic signal representative of reflected illumina tion received thereby; and means for determining a surface phase of the surface are of the object from the electronic signal by uti lizing the phase calculations associated with the variations in the pattern frequency, the surface phase being representative of the surface area of the object. 2. The system according to claim 1, wherein said optical grating means is a pseudo-random grating pat tern in which a nominal fringe pattern has a small uni form period with the hidden variations distributed sta tistically across said optical grating means.
3. The system according to claim 2, wherein said at least one means for receiving has a noise equivalent phase value and wherein said hidden variations are so small that at any one point on the optical grating means a noise-like value of said hidden variations in one the order of said noise equivalent phase value of said at least one means for receiving.
4. The system according to claim 1, wherein energy of the hidden variations is distributed substantially evenly over said optical grating means. 5,319,445 21 5. The system according to claim 1, wherein energy of the minimal variations is distributed unevenly over said optical grating means.
6. The system according to claim 1, wherein said optical grating means has first and second hidden change distribution gratings oriented at right angles to one another.
7. The system according to claim 1, wherein said optical grating means has first and second polarization sensitive hidden change distribution gratings and wherein said system further comprises means for indi vidually polarizing said first and second polarization sensitive hidden change distribution gratings to thereby separately produce first and second patterns. 10 8. The system according to claim 7, wherein each of 15 said first and second polarization sensitive hidden change distribution gratings has a respective controlla ble light source.
9. The system according to claim 1, wherein said optical grating means is a Ronchi grating.
10. The system according to claim 1, wherein said optical grating means has first and second hidden change Ronchi gratings oriented at right angles to one another.
11. The system according to claim 10, wherein said system further comprises mean for rotating said optical grating means through a predetermined angle to insure sufficient triangulation between said at least one first means for illuminating and said at least one means for receiving illumination.
12. The system according to claim 10, wherein said systern further comprises means for rotating said at least one means for receiving illumination through a prede termined angle to insure sufficient triangulation be tween said at least one first means for illuminating and said at least one means for receiving illumination.
13. The system according to claim 1, wherein said optical grating means has first and second polarization sensitive hidden change distribution gratings and wherein said system further comprises means for indi vidually polarizing said first and second polarization sensitive hidden change distribution gratings to thereby produce first and second patterns.
14. The system according to claim 13, wherein each of said first and second polarization sensitive hidden change distribution gratings has a respective controlla ble light source.
15. The system according to claim 13, wherein said system further comprises means for rotating said optical grating means through a predetermined angle to insure sufficient triangulation between said at least first means for illuminating and said at least one means for receiving illumination. 16. The system according to claim 13 wherein said predetermined angle is in the range of 0 to 45 for a pattern of said first and second patterns for use on ob jects having knife edges.
17. The system according to claim 13, wherein said predetermined angle is in the range of 0 to 30' for a pattern of said first and second patterns for use on ob jects in general. 18. The system according to claim 1, wherein said system further comprises second means for illuminating at least said surface area of the object for providing two dimensional information to said at least one means for receiving reflected illumination. 19. Method for determining the surface of an object using a mini-moire sensor and a moire process, compris ing the steps of:
providing an optical grating means consisting of a nominal pattern having a pattern frequency and small statistical variations in the pattern frequency such that phase calculations associated with the variations are unique and hidden in noise of the moire process; projecting the pattern onto a surface area of an ob ject; recording an image intensity of the pattern projected on the surface area; passing the image intensity through a first pass filter to generate a residual phase plus hidden pattern phase; processing the generated residual phase plus hidde pattern phase in a matched filter that uses a known hidden change phase as a reference to produce a unique autocorrelation function; providing an N modulus map for substantially every pixel in at least a portion of a field-of-view of the moire sensor; and determining a surface phase of the surface area of the object phase from the residual phase plus hidden pattern phase, the autocorrelation function and the N modulus map, the surface phase being represen tative of the surface area of the object. 20. The method according to claim 19, wherein the method further comprises using a second pass filter to remove the hidden change phase from the surface phase.
21. The method according to claim 19, wherein a 27t modulus N is calculated for substantially every pixel in at least a portion of a field-of-view relative to the object.
22. The method according to claim 19, wherein grat ing means is a hidden change distribution grating.
23. The method according to claim 19, wherein said optical grating means is a hidden change distribution matrix means.
24. The method according to claim 19, wherein said optical grating means is a hidden change Ronchi grat 13. 25. A high-speed three-dimensional surface measure ment system for determining the surface of an object using a moire process, comprising: a mini-moire sensor having a hidden change Ronchi grating consisting of a nominal Ronchi pattern having a pattern frequency and small statistical variations in the pattern frequency such that phase calculations associated with the variations are unique and hidden in noise of the moire process; said mini-moire sensor having means for projecting the pattern onto a surface area of an object; said mini-moire sensor having means for recording an image intensity of the pattern projected on the surface area; means for passing the image intensity through a first pass filter to generate a residual phase plus hidden pattern phase; means for processing the generated residual phase plus hidden pattern phase in a matched filter that uses a known hidden change phase as a reference to produce a unique autocorrelation function; means for providing an N modulus map for substan tially every pixel in at least a portion of a field-of view of the moire sensor; and means for determining a surface phase of the surface area of the object phase from the residual phase plus hidden pattern phase, the autocorrelation function and the N modulus map, the surface phase being representative of the surface area of the ob ject. 26. The system according to claim 25, wherein said system further comprises a second pass filter for remov ing the hidden change phase from the surface phase.
27. An upgrade for a coordinate measuring machine for high-speed surface measurement of the surface of an object using a moire process, the coordinate measuring machine having at least a pan/tilt head, comprising: a mini-moire sensor attached to the pan/tilt head of the coordinate measuring machine; said moire sensor having at least first means for illu minating at least a surface area of the object with at least one fringe pattern, said at least first means for illuminating having optical grating means for pro ducing said at least one fringe pattern, said optical grating means consisting of a nominal pattern hav ing a pattern frequency and small statistical varia tions in the pattern frequency such that phase cal culations associated with the variations are unique and hidden in noise of the moire process, and said moire sensor also having a single means for receiv ing reflected illumination from said surface area, 29. The upgrade according to claim 27, wherein said upgrade further comprises means for providing an oper ator with a video display of the surface area of the object, said means for providing having a quick look display/operator interface.
30. The method according to claim 27, wherein the method further comprises the steps of initially automat ically scanning the object with said mini-moire sensor to generate a full X-Y-Z data surface map of the object and storing said full X-Y-Z data surface map; and generating specific measurements of the object from the deter mined three-dimensional surface configuration and said stored full X-Y-Z data surface map. 31. A high-speed three-dimensional surface measure ment system for use in determining the surface of an object from at least one electronic signal using a noire process, comprising: mini-moire sensor having at least first means for illu minating at least a surface area of the object with at least one fringe pattern, said at least first means for illuminating having optical grating means for pro ducing said at least one fringe pattern, said optical grating means consisting of a nominal pattern hav ing a pattern frequency and small statistical varia tions in the pattern frequency such that phase cal culations associated with the variations are unique and hidden in noise of the moire process, and also having a single means for receiving reflected illum ination from said surface area, said at least one means for receiving reflected illumination provid ing an electronic signal representative of reflected illumination received thereby; means for processing said electronic signal by utiliz ing the phase calculations associated with the vari ations in the pattern frequency to provide at least a storable X-Y-Z image of the surface area of the object; and means for moving said mini-moire sensor in order to scan the object. 32. The system according to claim 31, wherein said system further comprises second means for illuminating at least said surface area for providing two dimensional information to said means for receiving reflected illumi nation.
33. The system according to claim 31, wherein said system further comprises means for producing strobed illumination in said first means for illumination.
34. The system according to claim 31, wherein said single means for receiving reflected illumination is a CCD camera having a CCD array and wherein camera electronics associated with said CCD camera have at least one electronic shutter for freezing an image into the CCD array.
35. The system according to claim 31, wherein said means for processing has: moire video controller means for interfacing with and controlling at least said mini-moire sensor and for forming X-Y-Z data from the electronic signal from the moire sensor; moire data processor means for processing the X-Y-Z data derived from the electronic signal from the moire sensor; data analysis processor means for user analysis of the X-Y-Z data; moire video network means for connecting the noire data processor means to the moire video controller means; and data transfer network means for connecting the data analysis processor means to the moire data proces SO 3S
